T he endothelium critically regulates the contractile status of the vascular smooth muscle cells. 1 Dysfunction of endothelial cells (ECs) induces the increased expression of adhesion molecules for inflammatory cells. 2 Inflammatory cell migration and vascular inflammation generate an oxidizing environment. The accumulating inflammatory cells produce abundant reactive oxygen species (ROS) and secrete inflammatory cytokines/chemokines and growth factors that contribute to EC dysfunction and vascular smooth muscle cell proliferation. 3 Therefore, oxidants were once principally considered agents of vascular injury and disease, and numerous studies have corroborated this role for ROS. However, this has become an outdated theory considering recent evidence suggesting that hydrogen peroxide (H 2 O 2 ) also serves as an important signaling molecule in the vascular system when found at low concentrations. 4 At low concentrations, H 2 O 2 can act as a second messenger, transducing the oxidative signal into a biological response through post-translational protein modification. These structural changes ultimately lead to altered cellular function.
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Oxygen derivatives, including superoxide (O 2 − ), H 2 O 2 , and hydroxyl radical (OH), are called ROS. Strictly controlled ROS formation mediates the physiological functions of the vasculature. Therefore, ROS contribute to vascular protection as well as vascular diseases. Vascular ECs themselves produce small amounts of O 2 − and H 2 O 2 , which play a crucial role in EC protection under physiological conditions. [5] [6] [7] EC-dependent relaxation is mediated primarily by prostacyclin, nitric oxide (NO), and endothelium-derived hyperpolarizing factors (EDHFs). We and others have demonstrated that H 2 O 2 is an EDHF that contributes as a signaling molecule in the vasculature and protects EC function. [5] [6] [7] [8] [9] [10] [11] However, the mechanism of EDHF is complex and varies according to blood vessel type, one of which is also through the opening of calcium (Ca
12 The initial endothelial hyperpolarization results from the opening of K Ca including K Ca 3.1 and K Ca 2.3, both of which are activated by Ca 2+ and are voltage independent.
Fabry disease is a lysosomal storage disease caused by α-galactosidase deficiency that leads to the accumulation of glycosphingolipids such as globotriaosylceramide (Gb3). 13 The accumulation of Gb3 is often observed in the ECs of patients with Fabry disease, which results in the clinical manifestation of poor organ perfusion. In this issue of Arteriosclerosis, Thrombosis, and Vascular Biology, Choi et al 14 examined the detailed mechanism of Gb3-induced K Ca 3.1 degradation, which is implicated in the endothelial dysfunction observed in Fabry disease. In this study, the authors demonstrated that the glycosphingolipid Gb3 modulates K Ca 3.1 expression in ECs via clathrin-dependent and early endosome antigen 1-enriched endosome-mediated lysosomal degradation (Figure) . Specifically, inhibition of Gb3-induced K Ca 3.1 degradation through clathrin knockdown suggested that the K Ca 3.1 protein is internalized by Gb3 via a clathrin-dependent process (Figure) . Furthermore, Gb3-induced K Ca 3.1 degradation was prevented by lysosome blockers, suggesting that Gb3 induces the lysosomal degradation of K Ca 3.1 (Figure) .
To prove the hypothesis that accumulated Gb3 induces endothelial K Ca 3.1 degradation in α-galactosidase A (Gla) knockout mice, the authors measured age-dependent changes in early endosome antigen 1, lysosomal-associated membrane protein 2, and K Ca 3.1 expression in ECs from Gla-knockout mice and compared them with those induced by exogenously added Gb3. Importantly, the authors found similar changes in the expression of K Ca 3.1, early endosome antigen 1, Rab5, and lysosomal-associated membrane protein 2 consistently in both aged Gla-knockout and Gb3-treated wild-type ECs. Finally, the authors concluded that accumulated Gb3 induces endothelial K Ca 3.1 degradation in Gla-knockout mice and subjects with Fabry disease. This finding is particularly important in the clinical setting.
Several studies have reported that enzymatic replacement therapy is of limited impact in the prevention of cardiovascular complications in Fabry disease. 15 Abnormalities in arterial blood flow were reported in patients with Fabry disease. 16 Here, the authors identified clathrin and Rab5C as a critical component in K Ca 3.1 degradation. Based on the present study, the abnormalities in Fabry disease can be explained through Gb3-induced impairment of endothelium-dependent vasodilation. Endothelial dysfunction leads to decreased endothelium-dependent vasodilation involving endothelial K Ca 3.1 dysfunction. K Ca 3.1 activation increases the endothelial Ca 2+ driving force and induces endothelium-dependent hyperpolarization of vascular smooth muscle cell. An increase in the Ca 2+ driving force increases Ca 2+ influx and thereby NO synthesis by activating Ca 2+ -dependent endothelial NO synthase. Furthermore, the authors demonstrated that K Ca 3.1 recovery by Rab5C knockdown leads to the recovery of Gb3-induced endothelial dysfunction. Thus, the authors demonstrated that Gb3-induced K Ca 3.1 degradation played a crucial role in endothelial dysfunction in a mouse model of Fabry disease and in Fabry disease in humans. Because of these findings, the authors proposed a novel mechanism underlying Gb3-mediated EC dysfunction, which is associated with the suppression of EDHF.
Clinical Perspectives
Physiological ROS levels are important in the regulation of EC function. The involvement of EC dysfunction in all stages of vascular diseases is generally accepted. Importantly, Choi et al 14 demonstrated that Gb3 significantly attenuates the activities of endothelial K Ca 3.1. However, several issues remain regarding the interpretation of this study. First, in the present study, among major glycosphingolipids, only Gb3 was confirmed to attenuate K Ca 3.1 activity in EC. Second, although the authors derived results by using primary cultured mouse aortic ECs and human umbilical vein ECs, the endothelial response varies according to blood vessel type. Therefore, the EC responses in smaller arteries are of interest because the contribution of EDHF is prominent, especially in microvessels rather than in large vessels. 17 Third, the authors did not measure the effects of Gb3 on vascular smooth muscle cell. Further studies aimed at elucidating the mechanism of Gb3-mediated vascular dysfunction will provide an important clue to the treatment of Fabry disease.
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